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Polymer Composition comprising Nanofillers 

The present invention relates to a polymer composition comprising a nano- 
filler, in particular to a polymer composition comprising optionally a ma- 
trix polymer, a nanofiller and a polyolefin with functional groups, and to 
the use of polyolefms with functional groups in polymer compositions 
comprising a nanofiller. 

Reinforcement of polymers by incorporation of filler materials such as in- 
organic particulate and/or layered materials is known in the art. For exam- 
ple, as filler materials natural or synthetic clay based materials often are 
used. By incorporation of such filler materials into the polymer several 
properties of the polymer are improved such as e.g. mechanical strength 
and stiffiiess, temperature resistance, flame retardancy, and barrier proper- 
ties. ' 

In the production of the filler-containing polymer compositions, which usu- 
ally are referred to as polymer-filler composites, a good dispersion of the 
filler particles/layers in the polymer down to nanoscopic dimensions, i.e. to 
the nanometer (10"^ m) level, is desirable. The expression "nanofiller" as 
used herein refers to substances with the ability to disperse in the . matrix 
polymer in such a way that structures in the nanoscale (1-100 nm) are ob- 
tained. 

For example, with clay-based layered fillers a delaminated polymer-clay 
nanocomposite may be obtained where single clay layers with thicknesses 
in the order of nanometers are dispersed in the matrix polymer, thus form- 
ing a monolithic structure on the microscale. The term "nanocomposite" 
describes a multiphase material where one phase is dispersed in one or 
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more other phases at a nanometer level. To obtain such polymer nanocom- 
posites, of course, the filler particles must be nanofillers as defined above. 

A well-known method for obtaining nanojRller-containing polymers is to 
melt-compound the nanofiller particles with the polymer. The'^nanofiUer, 
e.g. the clay, normally is pre-treated to be made organophilic. It has been 
found that by adding a further component which is compatible with the 
nanofiller, such as a polymer comprising functional groups, to the polymer 
composition in the melt-compounding process an improved dispersion of 
the nanofiller particles and/or delamination of the layers . of the nanofiller in 
the matrix polymer is obtained. This component has therefore been denoted 
as compatibiliser. 

For example, in nanofiUer-containing olefin polymer compositions, maleic- 
anhydride grafted polymers are used as compatibilisers. However, in the 
production of such graft materials a post-reactor step - grafting - is neces- 
sary, which results in increased production costs. Furthermore, there are 
other drawbacks associated with these products: On the one hand, due to 
the grafting process, free maleic anhydride is present in the grafted poly- 
mers which has negative effects on the composites and their end- 
applications, and on the other hand, the occurrence of either crosslinking 
(PE) or chain-scission (PP) in the grafting step leads to broad property 
variations of the grafted polymer which also negatively affects the compos- 
ites. It has further been foxmd that oligomeric species of the grafted poly- 
mers are preferred as compatibilisers. However, due to their low molecular 
weight the incorporation of these oligomeric species into the polymer com- 
position worsens mechanical, thermal, and other properties of the polymer 
composite. 

Furthermore, it is known to prepare compatibilisers by copolymerisation of 
olefin monomers with comonomers containing reactive groups which after 
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the copolymerisation step are further interconverted, e.g. to polar groups. 
However, also in the production of these materials a post-reactor step is 
necessary. 

It is an object of the present invention to provide a polymer composition 
having improved properties such as e.g. mechanical strength and stiffness, 
temperature resistance, flame retardancy, and barrier properties. Further- 
more it is an object of the present invention to provide such a polymer 
composition without the above-described drawbacks of compositions com- 
prising known compatibilisers as e.g. grafted polymers. 

The present invention is based on the finding that these objects can be 
achieved by a polymer composition comprising a nanofiller and a polyole- 
fin with functional groups which has directly been prepared by using a sin- 
gle-site catalyst. 

The present invention provides, therefore, a polymer composition compris- 
ing 

(A) optionally a matrix polymer, 

(B) a nanojBller, and 

(C) a polyolefin with functional groups which has been prepared directly 
by polymerising olefin mpnomers with comonomers comprising 
functional groups using a single site catalyst. 

Furthermore, the present inyention provides the use of a polyolefin with 
functional groups which has been prepared directly by polymerising olefin 
monomers with comonomers comprising functional groups using a single 
site catalyst as a compatibiliser in a polymer composition comprising op- 
tionally a matrix polymer and a nanofiller. 
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In the present invention the term "prepared directly by polymerising" is 
used to denote that the polyolefin comprising functional groups has not 
been subjected to a post-reactor treatment in which the chemical nature of 
the functional groups is changed before incorporation into the inventive 
composition. 

After compounding of the components of the polymer composition a nano- 
composite is obtained which due to its homogeneous nature is having im- 
proved properties, in particular the thermal and mechanical properties such 
as higher density and crystallinity, and barrier properties of the polymer 
conaposition e.g. to moisture and gases, are improved. Furthermore, the in- 
ventive polymer composition does not have the drawbacks stated above for 
polymer compositions comprising conventional compatibilisers and it can 
be produced with reduced production costs because no post-reactor treat- 
ment step, such as grafting, of component (C) is necessary. 

The fianctional groups in polyolefin (C) are obtained directly by polymeris- 
ing olefin monomers with comonomers comprising functional groups by 
using a single-site catalyst, for instance a catalyst comprising a metallocene 
and/or a catalyst comprising a late transition metal complex such as de- 
scribed in WO 96/23010, WO 98/27124, WO 99/12981, WO 99/30822 and 
WO 01/92342. The contents of these documents is enclosed herein by ref- 
erence. 

The chemical nature of the functional groups in the final copolymer (C) 
preferably is identical to that of the functional groups as originally con- 
tained in the comonomer before the polymerisation. 

It is, however, also possible that the functional groups contained in the fi- 
nal polyolefin (C) differ from the functional groups as originally contained 
in the comonomers. This may be the case if the comonomers react with the 
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cocatalyst and/or the catalyst in the polymerisation reactor or if e.g. polar 
groups of the comonomer are mashed with the cocatalyst or another com- 
pound to prevent them from deactivating the catalyst during the polymeri- 
sation. However, also in these latter cases the final polyolefin (C) contains 
functional groups and is not subjected to any post-reactor treatment in 
which the chemical nature of the functional groups is changed before being 
incorporated into the inventive composition. 

It is preferred that the comonomers comprising functional groups are alpha- 
olefinic compounds. 

The expression "compatibiliser" as used herein refers to a compound which 
improves the dispersion of a nanofiller in a polymer matrix. 

Polyolefin (C) should have a sufficiently high fraction of comonomer with 
functional groups because otherwise the copolymer does not have the com- 
patibilising effect. On the other hand, in case the content of the functional 
comonomer is too high, then the miscibility with the polyolefin is likely to 
suffer. Furthermore, polyolefins having a high content of comonomers with - 
functional groups have an economical disadvantage due to the high costs of 
such comonomers. 

It is thus preferred that the fraction of the comonomers with functional 
groups in polyolefin (C) is from 0.05 to 10 mol%, more preferred from 0.1 
to 5 mol% and still more preferred from 0.1 to 2 mol%. 

Further preferred, polyolefin (C) is a polyolefin comprising polar groups 
which has been prepared directly by polymerising olefin monomers with 
comonomers comprising polar groups using a single site catalyst. 

Polar groups are defined to be functional groups which comprise at least 
one element other that carbon and hydrogen. 
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Polyolefins (C) comprising polar groups are produced by direct copolymer- 
isation of olefin monomers with polar comonomers, i.e. compounds with a 
polymerizable double bond and at least one functional group containing 
elements other that carbon and hydrogen, using a single site catalyst. 

Further preferred, the polar comonomers used in the preparation of poly ole- 
fin (C) are monomers comprising a carbon-carbon double bond and an or- 
ganic alcohol or acid group. 

Preferably, said organic alcohol comonomers contain a double bond at one 
terminal of the hydrocarbon chain and a hydroxy group at the other. Pref- 
erably they contain from 6 to 18 carbon atoms, more preferably from 8 to 
16 carbon atoms. A typical alcohol is lO-imdecen-l-ol. If the number of 
carbon atoms is too low, the alcohol group may interact with the catalyst, 
thus reducing the activity of the catalyst. 

Furthermore, said organic acids preferably contain the double bond at one 
terminal of the hydrocarbon chain and the acid group, preferably a carbox- 
ylic group, at the other. Preferably, they contain from 6 to 1 8 carbon atoms, 
more preferably from 8 to 16 carbon atoms. A typical carboxylic acid is 10- 
undecenoic acid. As already mentioned above, a too low number of carbon 
atoms in the molecule may result in a reduced activity in the polymerisa- 
tion. 

The number and nature of the olefin monomers in polyolefin (C) is in no 
way limited, i.e. also mixtures of olefin monomers of different nature may 
be used for the preparation of (C), as long as the final polyolefin comprises 
functional groups and has been prepared directly by polymerising said ole- 
fin monomers with comonomers comprising functional groups by using a 
single site catalyst. However, preferably the olefin monomers used for 
preparation of polyolefin (C) are alpha-olefins. 
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For example, it is also within this scope of the present invention to produce 
polyolefin (C) by polymerisation of ethylene, an alpha-olefin comonomer 
other than ethylene and a polar comonomer, thus obtaining a terpolymer. 

Preferably, in the inventive polymer composition polyolefin (C) is a co- 
polymer comprising ethylene and/or propylene monomers and comonomers 
with functional groups, 

As nanofiller (B) all substances with the ability to disperse in matrix poly- 
mer (A) in such a way that structures in the nanoscale (1-100 nm) are ob- 
tained may be used, as well as mixtures of two or more different nanofill- 
er s. 

The nanofiller may either be a clay-based compound or a submicron filler 
such as talc, calcium carbonate and mica, which usually have been treated, 
for instance, by grinding to obtain particles of small, i.e. sub-micron, di- 
mensions. 

By "clay-based compounds" any organic or inorganic material is denoted 
which is having a structure on the nanoscopic scale of a plurality of adja- 
cent layers. A ."sub-micron filler" is any organic or inorganic material 
which is present in small particles of sub-micron (10"^ m) particle size. 

Preferably, nanofiller (B) is of inorganic nature. 

In a preferred embodiment nanofiller (B) is a clay-based compound. Clay- 
based compounds upon compounding of the polymer mixture are dispersed 
in polymer matrix (A) so that individual platelets in the layered structure 
are separated or delaminated. As a consequence, the surface area of the 
clay in contact with the polymer is several magnitudes higher than that with 
conventional reinforcement fillers. 
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In a further preferred embodiment, nanofiller (B) is a clay-based layered 
inorganic, preferably silicate, material or material mixture. Useful such 
clay materials include natural, synthetic and modified phyllosilicates. Natu- 
ral clays include smectite clays, such as montmorillonite, hectorite, mica, 
vermiculate, bentonite. Synthetic clays include synthetic mica, synthetic 
saponite, synthetic hectorite. Modified clays include fluoronated mont- 
morillonite, fluoronated mica. 

Layered clay-based materials, preferably silicates may be made organo- 
philic before compounding of the polymer composition by chemical modi- 
fication such as by cation exchange treatment using alkyl ammonium or 
phosphonium cation complexes. Such cation complexes intercalate between 
the clay layers. 

Preferably, the clay-based layered nanofiller (B) has been modified by in- 
tercalation with an intercalating agent. 

Intercalated clay-based nanofillers may be prepared by reacting a swellable 
layered clay with a swelling agent, or intercalating agent. The intercalating 
agent may be an organic cation, containing, for instance, nitrogen or phos- 
phorous. 

The clay nanofiller may then be prepared by mixing the intercalating agent 
and the clay. One such method is to disperse the clay into hot water, pref- 
erably about 50 to 80 °C, to add the intercalating agent, preferably in form 
of an organic cation salt or a solution of such a salt in a suitable solvent 
with agitation, then to agitate the mixture for a suitable time to allow the 
organic cation to replace the metal cations present in the clay, and then to 
isolate the modified clay. The isolation may be done using any method 
known in the art, such as spray drying, spray crystallization and filtration. 
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In a preferred embodiment, nanofiller (B) has been intercalated with an 
ammonium preferably a quartenary ammoniimi, compound containing in- 
tercalating agent. It is then dispersed in the matrix polymer (A) in such a 
way that structures in the nanoscale are obtained. Also mixtures of this 
kind of a nanofiller with other nanofillers, which may be similar or differ- 
ent types, may be used. If a mixture with a different type of nanofiller shall 
be used, then the mixture contains preferably at least 50% by weight of this 
kind of nanofiller (B), 

To prepare^ this preferred kind of nanofiller, an intercalating agent is re- 
acted with the clay. The intercalating agent comprises an ammonium com- 
pound on the formula (NR4)'*'X", where N is nitrogen, each R may be inde- 
pendently hydrogen or an organic ligand eind X may be halide, hydroxide or 
acetate anion. Preferably, the intercalating agent comprises a quartenary 
ammonium compoimd wherein each substituent R is an organic ligand. 

The organic ligand may be a linear or branched alkyl group of 1 to 22 car- 
bon atoms, an aryl group of 5 to 40 carbon atoms, an aralkyl group or an 
alkylene oxide group. 

The amount of the intercalating agent may be 0.5 to 3, preferably 0.5 to 2 
equivalents of the organic cation salt with respect to the metal cations pre- 
sent in the clay. The excess of the organic cation salt may be removed from 
the modified clay after the preparation. 

Matrix polymer (A) optionally is present in the inventive composition, 
however, preferably polymer (A) mandatorily is present. 

Matrix polymer (A) preferably is a polyolefin or any combination of poly- 
olefins, such as high density polyethylene, medium density polyethylene, 
linear low density polyethylene, low density polyethylene, terpolymers of 
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polyethylene with one or more alpha-olefins, polypropylene homopolymer, 
propylene-ethylene random copolymer, high impact propylene copolymer 
or polypropylene terpolymer with ethylene and other alpha-olefins. 

It is preferred that matrix polymer (A) is an ethylene or propylene homo- or 
copolymer. 

If the matrix polymer comprises polyethylene, i.e. an etihiylene homo- or 
copolymer, the MFR2 (melt flow rate measured at 190*'C and 2.16 kg, in 
accordance with ISO 1133) for such a polyethylene preferably is from 0.01 
to 100 g/10 min. The comonomer and termonomer contents for such a 
polyethylene preferably is jfrom 0 to 15 wt.%. 

In case the matrix polymer comprises polypropylene, i.e. a propylene 
homo- or copolymer, the MFR2 (melt flow rate measured at 230°C and 2.16 
kg, in accordance with ISQ 1133) for such a polypropylene preferably is 
from 0.1 to 100 g/lOmin. The comonomer and termonomer contents for 
such a polypropylene is from 0 to 30 wt.%. 

The density ranges for both polyethylene and polypropylene preferably is 
from 890 to 965 kg/m'. 

Preferably, in the inventive polymer composition polyolefin (C) is present 
in an amount of 1 to 99 wt%, more preferred of 5 to 50 wt% and still more 
preferred of 4 to 10 wt% of the total composition. 

Further preferred, in the polymer composition nanofiller (B) is present in 
an amount of 1 to 15 wt%, more preferred of 2 to 10 .wt% and still more 
preferred of 4 to 10 wt% of Ihe total composition. 
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Still further preferred, in the polymer composition matrix polymer (A) is 
present in amount of up to 98 wt%, more preferred from 40 to 93 wt% and 
still more preferred from 80 to 92 wt% of the total composition. 

In addition to the components as mentioned, the polymer composition may 
include conventional additives and fillers known in the art, such as flame 
retardants, reinforcing fillers, antioxidants, process stabilisers, etc.. Also, 
the polymer composition of the present invention may be blended with 
other polymers. 

The inventive polymer composition may be used among others in products 
produced in extrusion, moulding, film, and thermoforming processes. 

The components may be mixed in any compounding or mixing device 
known in the art. 

It is also within the scope of the invention first to produce a masterbatch of 
the components of the inventive polymer composition and subsequently to 
blend this masterbatch with a further polymer. In this case, the content of 
the.nanofiller in the masterbatch may be significantly higher than the pre- 
ferred ranges for the amount of nanofiUer as given for the total composi- 
tion, i.e. preferably up to 80 wt%, more preferably up to 50 wt% of the 
masterbatch. In the final polymer composition, comprising a blend of the 
masterbatch and the further polymer, to be used in the end-use applications 
the amount of nanofiller, however, preferably is in the above given pre- 
ferred ranges. 

Examples 

In the following examples, four polymer compositions have been prepared 
and tested: 
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1) a pure low density polyethylene (LDPE) with an MFR2 of 2.1 and den- 
sity of 922 kg/m^ 

2) a composition comprising low density polyethylene (LDPE) with an 
MFR2 of 2.1 and density of 922 kg/m^ and a clay-based nanofiUer, 

3) a composition comprising low density polyethylene (LDPE) with an 
MFR2 of 2.1 and density of 922 kg/m^ a clay-based nanofiller and a 
conmiercial maleic anhydride (MAH)-grafted PE, and 

4) a composition comprising low density polyethylene (LDPE) with an 
MFR2 of 2.1 and density of 922 kg/m^, a clay-based nanofiller and a 
poiyolefin comprising functional groups which has been produced by 
using a single site catalyst. 

The maleic anhydride containing polymer was Fusabond MXllOD, mar- 
keted and sold by DuPont, with an MFR2 of 15 g/ 10 min. 

The poiyolefin comprising fimctional groups of composition 4) was pre- 
pared as follows: 

7 J mmol of 10-undecen-l-ol was introduced into a polymerisation reactor 
of 1.0 dm^ volume, containing 600 cm^ of moisture-firee toluene and methy- 
laluminoxane (10 % by weight in toluene) corresponding to 30 mmol alu- 
minium at a temperature of 80°C. Thus, the molar ratio of aluminium to 
comonomer was 4. The mixture was stirred for 15 minutes, during which 
period the pressure of the reactor was increased to 1.5 bar (gauge pressure) 
with ethylene and the solution was allowed to saturate with ethylene while 
keeping the temperature constant at 80°C. 

The copolymerisation was initiated by introducing 5.0 (imol of rac- 
ethylenebisindenyl-zirconiumdichloride dissolved in moisture-fi:ee toluene 
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into the reactor. During the polymerisation ethylene was continously intro- 
duced into the reactor to maintain the total pressure at 1 .5 bar. The reaction 
was terminated after 15 minutes and the copolymer was precipitated by 
adding a solution of hydrochloric acid in ethanol. The polymer was filtered 
and washed with ethanol and acetone. The polymer yield was 19.3 grams. 
The content of 10-undecen-l-ol units in the final polymer was 0.28 % by 
mole (measured by NMR). The polymer had a weight average molecular 
weight of 52700 g/mol (measured by GPC, as polyethylene equivalent), 
melting point of 131*^0 (measured by DSC, second heating IC^C/min) and 
crystallinity of 65 % (measured by DSC). 

The nanofiller used was Cloisite 6 A from Southern Clay Products. This is 
a montmorillonite-based organoclay which contains dimethyl 
di(hydrogenated tallow) ammonium chloride as intercalating agent in an 
amount of 140 meq of the intercalating agent per 100 g of clay. 

The nanocomposites were produced by compounding compositions 2) to 4) 
i.e. the LDPE polymer, nanofiller, and, optionally, the compatibiliser in a 
corotating twin-screw extruder. For stabilisation, 0.1 wt.% of Irganox 1010 
was added. The extruder has a total volume of 16 cm^ and a screw length of 
150 nmi. The mixing temperature was 170°C and the screw speed was 65 
rpm. After 3 minutes of mixing, the blend was injection moulded with a 
mini-injection moulding machine into tensile test bars. 

Some of the blend was collected as strands and made into relevant test sam- 
ples for other property tests. The tests were performed according to the fol- 
lowing standards: 

Melt flow rate MFRj - ISO 1 1 3 3 
Oxygen permeability - ASTM D 3985 
Moisture permeability - ASTM F 1249 
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Vicat softening point - ISO 306 
Hardness, shore D - ISO 868 

Tensile properties - ISO 527, specimen type IBA, except thickness of 
L5 mm instead of 2 nrni. 

The test results are shown in Table 1. 

With regard to mechanical properties, though the pure polymer has higher 
values for tensile strength, a high standard deviation was observed. The 
formulation without compatibiliser is clearly worse. Comparing com- 
pounded composition 3) with compounded composition 4), the modulus of 
the latter is lower, however, elongation at break is higher, these results to- 
gether with tensile strength data indicate that compounded composition 4) 
has better toughness. AH other properties of compounded composition 4) 
are improved or on the same level as that of compounded composition 3). 
These properties are Vicat softening point, hardness, oxygen and moisture 
barrier properties. 

It is to be noted that the polyolefin with ftmctional groups as used in coni- 
position 4) has a lower content of ftmctional groups and would thus be ex- 
pected to give poorer performance than the MAH grafted polyolefin used in 
composition 3). 
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table 1: 





compos. 1 


compos. 2 


compos. 3 


compos. 4 


formulation 


Pure 
LDPE 


jDPfi + 5 
wt% 

clay nano- 
fiiler 


LJDrJb + lU 

Wt% 

Grafted 

MAH- 

PE + 5 wt% 

clay 

nanofiUer 


wt% 

rune. x\j ^ ^ 
wt% 

vidjr UaliUJUllwJl 


functional group content 
in compatibiliser, mol.% 






0.4 


0.28 


molecular weight of com- 
patibiliser, g/mol 






41500 


52700 


melting point of compati- 
biliser 






120 


131 


crystallinity of compatibi- 
liser, wt.% 






53 


65 












nanocomposite proper- 
ties 










tensile modulus* MPa 


81 (high 
deviation) 


69 


88.5 


79 


tensile strength, MPa 


18.7 (15.5 
-20.5) 


13 


15.9 


14.6 


elongation at break, % 


98 

• 


133 (high 
deviation, 
88 - 189) 


96 


140 


vicatPt. °C 


93 


89 


91 


92 


hardness. Shore D 


46 


32 


45 


48 


oxygen permeability, 
cc*25micr/m^*24h*bar 


'71 ^1 
/io / 








water vapour permeabil- 
ity, g*25micr/m^*24h 


2.3 


2.1 


2.1 


1.6 


melting point (^C) 


110 


110 


111 


109 


crystallinity 


40.6 


40.4 


41 


42.5 



